Objective: To evaluate the polyunsaturated fatty acid (PUFA) status in non-institutionalised elderly women and to detect a possible essential fatty acid bioconversion defect. Design and subjects: The fatty acid composition of total plasma lipids, plasma triglycerides (TG), cholesterol esters (CE), phospholipids (PL), and erythrocytes was determined by capillary column gas-liquid chromatography in a sample of 200 non-institutionalised healthy elderly women over 75 years of age. The data were compared with those of a control group of 50 young female volunteers aged 20 ± 48 y. Results: In elderly women, the n-6 series precursor, linoleic acid (18:2 n-6), was lower in TG and CE (P 0.029 and 0.014, respectively). In CE, this fatty acid was highly correlated with vegetable and vegetal fat intakes (P`0.0001), suggesting a lower dietary supply than in controls. Higher percentages of 16:1 n-7 were found in all the plasma lipid fractions in elderly women, especially in CE (P`0.0001). The ratios 20:4 n-6a20:3 n-6 and 22:6 n-3a20:5 n-3 were signi®cantly lower in PL from elderly women (P`0.005 and P`0.002, respectively), raising the question of the ef®ciency of the terminal steps of 20:4 n-6 and 22:6 n-3 biosynthesis. Dietary investigations in elderly women indicated that a high dietary protein intake via meat probably contributed to the supply of 20:4 n-6 and thus maintained the status of this fatty acid, despite the suspected altered biosynthesis. Conclusion: The PUFA status in the elderly women group could be more fragile and dependent on exogenous supply of long-chain PUFAs than previously suspected. Descriptors: non-institutionalised elderly women; polyunsaturated fatty acid; D5 desaturase; peroxisomal b oxidation; de®ciency; plasma lipid fractions; erythrocyte; capillary gas-chromatography
Introduction
Elderly people are at risk of nutritional de®ciencies as a consequence of both inadequate food intake and digestive perturbations (Lehmann, 1989; Mac Lennan, 1986) . In addition to protein denutrition or hyponutrition, modi®ca-tions in membrane lipid status have been reported in ageing populations (Huber et al, 1991; Rivich et al, 1988) . These modi®cations may be due to inadequate lipid nutrient intake, altered fatty acid metabolism, increased lipoperoxidation of polyunsaturated fatty acids, or a combination of any of these factors. The result of these modi®cations is an alteration in membrane microviscosity and cell function. Repercussions of EFA de®ciencies have been documented in animals and in humans both for fatty acids of n-6 and n-3 series. They include defective growth, altered visual acuity and electroretinogram, impaired learning functions, skin and kidney lesions and increased susceptibility to atherogenesis and thrombosis (reviewed by Sinclair, 1990) .
In Western countries, steady improvements in living conditions, particularly concerning health care, have led to a rapidly expanding population of elderly people. Today, subjects over 75 y often remain living at home and nearly two out of three of them are women. However, the biology of ageing has most often been studied in animal models. When ageing has been studied in humans, it has usually been in populations of hospitalised patients or people living in institutions, or in small cohorts of volunteers generally younger than 70 y. For instance, lower percentages of 18:2 n-6 in plasma lipids have been reported in elderly patients, but only in cohorts living in institutions or during hospitalisation. This was ®rst suggested by Holmann (1979) in hospitalised patients, using small groups of 10 females by decade of age. In another study including 53 institutionalised elderly men and women ( ! 60 years), linoleic acid was found to be signi®cantly lower in TG and PL than in the control group (Asciutti-Moura et al, 1988) . More recently, a reduction in linoleic acid was also reported in almost all the plasma lipid fractions of VLDL, LDL and HDL, but in a very small group of hospitalised elderly women (79 ± 90 y) (Lecerf et al, 1993) .
The aim of the present study was to compare the plasma and erythrocyte fatty acid status in a sample of 200 women over 75 y who live at home with that of a control group of young female volunteers. Particular attention was given to the essential fatty acids (EFA).
Methods

Study population
Between June 1994 and May 1995, 200 elderly women (EW), aged 75 y and older, and a control group of 50 women (CG), aged 20 ± 48 y, were recruited for the EPINUT study (a sub-sample of the EPIDOS cohort, selected to study nutritional status). The elderly women were randomly selected from the cohort of 1550 women from Montpellier of the EPIDOS survey, a multicenter study of hip fracture risk factors (Dargent-Molina et al, 1996) . The women aged 75 y or older went by themselves to a center for an examination and interview which lasted more than 3 h. For the present study, either elderly or young women were excluded if they had a known acute or chronic disease which could interfere with the EFA status: diabetes, cancer, infectious or immunological disease. They were also excluded if they were taking aspirin and antiin¯ama-tory drugs, antibiotics, vitamins and minerals at the time of the survey. The younger women were voluntary nurses and technicians of the Lapeyronie Hospital; all participants were healthy. Biochemical analyses (lipids, proteins, vitamins, minerals, antioxidants) were performed in both groups. In addition, an evaluation of dietary habits was made for each of the elderly women. All women were informed of the aim of the study and gave written consent to participate.
Evaluation of dietary habits
Two methods were used to assess the elderly women's food intake: a 3-day diet record (Posner et al, 1992) and a diet history of the past six months (Jain et al, 1980) . In the ®rst step, the women were required to record their food intakes for three days and were then visited by a dietician, who quanti®ed the food intakes with the help of a portion-size picture booklet (Pietinen et al, 1988) . In the second step, the women were then interviewed about the frequency of consumption of speci®c foods over the past 6 months, in order to take into account seasonal variations (diet history). Elderly women were ®rst visited by a nutritionist physician who explained the survey and showed them how to record their food intake at any time, during 3 days; the nutritionist came back and quanti®ed the 3 days record together with the woman, using a photograph booklet. In addition, the woman was interviewed about her food consumption during the preceding 6 months, combining a frequency questionnaire with a quantitative estimate of the usual intakes (diet history). The aim was to take into account unusual foodstuffs and seasonal variations affecting the 3-days dietary record. The correlation coef®cient between the results of the two methods was 0.53 for the PUFA intake and 0.79 for the protein intake. Considering that differences between the results of the two methods were due to shortterm variations, we decided to use the results of the diet history for the present analysis. Food composition was analysed using GENI software (Micro-6, Villiers les Nancy, France), which is based on the CIQUAL (Feinberg et al, 1991) and SOUTHGATE (Paul et al, 1978) tables.
Blood sampling
Blood samples (5 ml) were drawn from the antecubital vein after an overnight fast, collected in heparinised test tubes (10 ml heparine Choay, Laboratoires Choay, Paris), and centrifuged immediately at 15006g for 30 min at 4 C. Red blood cells were separated for FA analysis and the plasma was collected for FA analysis in total lipid and individual lipid classes.
FA analysis in total plasma lipids and plasma lipid classes Lipids were extracted according to the methods of Folch et al (1957) . One aliquot was reserved for FA analysis of total lipids, and the remainder was used for analysis of lipid classes according to the procedure previously described in detail (Sadou et al, 1995) . In brief, triglycerides (TG), cholesterol esters (CE) and phospholipids (PL) were isolated by thin-layer chromatography on Kieselgel 60 F254 plates (Merck-Clevenot SA, Nogent sur Marne, France) with the solvent mixture, hexane: diethyl etheraacetic acid (80:20:1; vavav) (Merck-Clevenot SA, Nogent sur Marne, France). After transesteri®cation, the methyl esters obtained from each fraction were analysed by gas-liquid chromatography. A Fisons GC-800 (Thermo Separation Products, Les Ullis, France) gas chromatographe equipped with a WCOT fused silica capillary column (50 m6 0.32 mm internal diameter, coated with 100% cyanopropyl siloxane 88 phase; Chrompack, Les Ullis, France) was used. Hydrogen was the carrier gas. Results are given as percentages of total FAs by weight and expressed as percentage mean AE SE. Comparisons between ratios of parental fatty acids and daughter's fatty acids (according to Siguel & Maclure 1987) gave indirect information about FA desaturation ef®ciency. The laboratory was af®liated to the national quality control as a clinico-biologic ARCOL centre (Comite Â Franc Ëais de Coordination des Recherches sur 1'Atheroscle Ârose et le Choleste Ârol: ARCOL ± 94100 Saint Maur France).
Red blood cell FA analysis
The packed erythrocytes were washed three times by resuspension in ice cold saline solution (0.15 M NaCl), then centrifuged at 15006g (3500 rpm, Beckman J21B) for 10 min at 4 C. The supernatant and the upper layer of the erythrocytes (5 ± 10%) were discarded to eliminate any leukocytes and platelets. The erythrocytes were lysed by incubation with an equal volume of bi-distilled water for 10 min. The lipids were extracted according to the method of Folch et al (1957) . The antioxidant 2,6-di-tert-butyl-4-hydroxy toluene (BHT) (Sigma Chem. Co., St Louis, MO, USA) was added (0.02% by vol) to all solvent mixtures. Transesteri®cation was carried out with a 90 min incubation in methanol sulphuric acid (19:1 by vol) at 80 C and the fatty acid distribution was determined by gas-liquid chromatography as described above.
Statistical methods
The means of the biochemical values of each group were compared using the unpaired Student's t-test. Because many comparisons were made in each class (14 variables), we considered a P value of`0.0036 (0.05a14) to be signi®cant, according to the Bonferroni correction for multiple testing (Mosteller et al, 1983) . To take into account the interrelations among the fatty acids, a multiple logistic regression analysis between the elderly and the younger population was performed in each compartment, selecting as independent variables the fatty acids which differed by P`0.05 in the univariate analysis. The relationships between nutrients and blood measurements in the elderly women were tested by the Pearson correlation coef®cient. To be conservative, only the r values ! 0.25 were considered in this analysis.
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Results
Essential fatty acids
In total plasma lipids, in TG, in CE and in erythrocytes, the percentage of the n-6 series precursor, linoleic acid (18:2 n-6), was slightly lower in EW than in CG: 31.4 vs 33.0 in TL, 18.2 vs 20.5 in TG, 50.8 vs 54.3 in CE and 9.1 vs 9.6 in erythrocytes (Table 1) . None of these differences reached signi®cance, although it was nearly observed for TG and CE (P 0.029 and 0.014, respectively). In these plasma lipid fractions, the linoleic acid percentages were positively and signi®cantly correlated with the vegetable and vegetal fat intakes ( Table 2 ). The same trends were observed for plasma TL (0.19, P`0.008; 0.22, P`0.002) and for plasma TG with vegetable intake (0.15, P`0.04). We also observed the following correlations with nutrients intakes: 18:2 n-6 percentages were positively correlated with PUFA intake and vitamin E: 0.3 (P`0.0001) and 0.29 (P`0.0001) in TL, 0.26 (P`0.0001) and 0.26 (P`0.0001) in CE for PUFA and vitamin E, respectively. In TG the correlation was signi®cant with vitamin E intake (0.26, P`0.0001) and showed the same trend with PUFA intake (0.19, P`0.007).
A similar result was found for a linolenic acid (18:3 n-3), the n-3 series precursor, which was lower in the CE fraction: 0.3 in EW vs 0.4 in CG, although signi®cance was not reached (P 0.04).
Long-chain polyunsaturated fatty acids
Contrasting with the lower percentages of the C18 precursors (mainly 18:2 n-6) in EW compared to CG, no signi®cant difference was observed between groups for arachidonic (20:4 n-6: AA) or docosahexaenoic acid percentages (22:6 n-3: DHA) in LT, CE, and PL or in erythrocytes.
Status of EFA de®ciency markers
Whatever the group or fraction considered, the Mead acid percentage (20:3 n-9) was low (0.3% or below), but a trend appeared in the CE fraction between the older women (0.07) and the young women (0.04) (P 0.015).
Palmitoleic acid (16:1 n-7) was signi®cantly higher in EW versus CG: respectively, 2.6 vs 2.1 (P`0.001) in TL and 3.5 vs 2.3 (P`0.0001) in CE, and only a tendency was found in TG: 3.9 vs 3.3 (P`0.01) (Table 1) . Moreover, the multivariate analysis, using logistic models in each compartment based on the variables that appeared signi®cant in univariate analysis, showed that high percentages of 16:1 n-7 in TL, TG, CE and PL were signi®cantly associated with the elderly group (Table 3) . f P`0.0001; g P`0.00003. To take into account multiple testing, only differences with P`0.0036 (NOTED a,b,c,d ,e,f,g) are considered as signi®cant. Other fatty acids and ratios EW had higher 18:3 n-6 percentages than CG in all of the plasma lipid fractions. The difference was about 50% and highly signi®cant: P`0.00001, P`0.00002, P 0.00002 in TL, TG, and CE, respectively, and the same trend was observed for PL (P 0.03) ( Table 1 ). The 18:3 n-6 percentages were higher in erythrocytes but the difference was not signi®cant. Higher percentages of dihomogammalinolenic acid (20:3 n-6 DHGLA) were also observed in the plasma lipid fractions of EW but signi®cance was reached only in TG and PL and remained at the limit in TL (P 0.06). These data were con®rmed by the multivariate analysis, which showed that 18:3 n-6 in TL, TG, CE and 20:3 n-6 in PL were signi®cantly associated with EW, both FAs being higher in this group than in the controls. Thus, both statistical analyses demonstrated the higher percentages of 18:3 n-6 and 20:3 n-6 in the elderly group. These higher percentages of the near precursors of AA in EW contrast with similar AA levels in both groups. This observation should be considered alongside the results of the comparison of some of the FA ratios in the n-6 pathway. In particular, the AAaDHGLA (20:4 n-6a20:3 n-6) ratio was lower in the group of elderly in CE (8.7 versus 9.9, P`0.02) and particularly in PL (3.3 vs 3.9, P`0.005), which is a fraction that re¯ects hepatic metabolism. In the n-3 series, the 22:6 n-3a20:5 n-3 ratio (DHAaEPA) was signi®cantly lower in EW in PL, 4.1 vs 5.3 (P`0.002). Similar differences were also detectable in TG (3.0 vs 5.3, P`0.0002) and similar trends in TL (2.8 vs 3.4, P`0.02).
Discussion
This study showed important differences in the n-3, n-6 and n-7 FAs in elderly non-institutionalised women that are in relationship with nutritional intakes. The main ®ndings were lower C18 precursor percentages, especially 18:2 n-6, in elderly women in comparison with younger women, associated with a signi®cantly higher EFA de®ciency marker (16:1 n-7) and the same tendency for 20:3 n-9. Contrasting with the similar AA and DHA levels in both groups, we observed signi®cant differences between groups when the 20:4 n-6a20:3 n-6 (AAaDHGLA) and 22:6 n3a20:5 n-3 (DHAaEPA) ratios were considered. Both ratios were signi®cantly lower in the elderly women in the PL fraction, which is mainly dependent on hepatic metabolism. The limitation of our study was principally the relatively small size of the control group, which may explain the lack of signi®cance of some univariate comparisons. However, it should be noted that these comparisons usually showed the same trends as the signi®cant variables, thus providing evidence of the consistency of the results.
In the elderly women sample, we found lower 18:2 n-6 plasma percentages than in the group of young women. The difference was nearly signi®cant in TG and signi®cant in CE, a plasma lipid fraction which has been reported to be a good marker of linoleic acid food intake (Moilanen et al, 1985; Glatz et al, 1989; Sarkkinen et al, 1994) . This concept was supported by the highly signi®cant and positive correlations we observed between linoleic acid in CE and vegetable or vegetal fat intakes (P`0.0001 in each case). Though individual fatty acid intake could not be directly analysed from the dietary investigation in the present study, it was possible to compare PUFA intakes with linoleic acid percentages. In plasma lipids we observed strong positive correlations between TL and CE linoleic acid levels and PUFA or vitamin E intakes (P`0.0001). Taken together, these data strongly suggest that in our cohort of elderly women there was a tendency toward a reduction in the dietary supply of linoleic acid. Though nutritional survey could not be performed in the control group for practical reasons, we can assume that the young women of this group had a nutritional behaviour similar to that of the general population of same age and location. Indeed, the available data obtained by using the same method as in the present study, shows that the mean PUFA intake in women aged 20 ± 54 is 15 g AE 0.5 gaday, a value which is in the range of recommended allowances (Gerber et al, 1997) . Among the elderly women we observed a mean PUFA intake of 9 AE 0.6 gaday, signi®-cantly different from young women living in the same area (P`0.001). Altogether, these elements con®rm our interpretation of a lower 18:2 n-6 intake in the group of elderly women.
As indicated above, lower percentages of 18:2 n-6 have been reported in elderly patients, but only in cohorts living in institutions or during hospitalisation (Holmann, 1979; Asciutti-Moura et al, 1988; Lecerf et al, 1993) . The comparison of our population of elderly women living at home with data from the literature concerning institutionalised patients yielded interesting information. In the institutionalised subjects, the reduction in linoleic acid was already signi®cant in most of the plasma lipid fractions that were studied, including PL. In contrast, in the subjects living at home, signi®cance was only nearly observed in TG and CE, which are more directly in¯uenced by food intake than PL or erythrocytes. This observation supports the hypothesis that alterations in the linoleic acid status are less profound in this category of elderly people than in institutionalised or hospitalised patients. Indeed, in regard to the Mead acid, which is a marker of EFA de®ciency, the only difference (nearly signi®cant, P 0.01) we observed between elderly women and controls was in CE, and it should be noted that the percentages of this acid remained low ( 0.3%). The trieneatetraene ratio (20:3 n-9a20:4 n-6) remained at 0.01 and 0.02 in CE and PL, respectively, which is below the limit (0.2) proposed to detect risk of EFA de®ciency (Holman, 1979) . However, we observed in palmitoleic acid very signi®cant differences between old and young women, especially in CE (P`0.0001). The difference also nearly reached signi®cance in TL and TG. Attention was ®rst focused on high percentages of palmitoleic acid in EFA de®cient rat by Mead (1957) , then in infants by Paulsrud et al (1972 ), by Farrel et al (1985 and in the elderly by Darcet et al, (1980) . The higher percentages observed in the group of elderly women could be indicative of a tendency toward EFA de®ciency in the elderly population living at home. This should be taken into consideration for dietary recommendations. In addition to the low linoleic acid availability that we and others have observed in the elderly, further complications in the n-6 pathway may result from impairment at a crucial point: the desaturase ef®ciency. Indeed, the desaturation activity in the elderly has been a subject for question. In vitro, with the exception of one study (Maniongui et al, 1993) desaturation of fatty acids by the liver was found to decrease at advanced ages in rat (Peluffo & Brenner, 1974; Bordini et al, 1988; Choi et al, 1989; Biagi et al, 1991) and in Latent polyunsaturated fatty acid de®ciency in non-institutionalised elderly women F Babin et al mouse (Bourre et al, 1990) . Furthermore, data obtained in vivo in humans using stable isotope labelling have clearly shown that even in healthy adults, the n-6 biosynthesis pathway is very limited, i.e., 1 ± 2% of total conversion (Emken et al, 1994) , especially the D5 desaturase step (El Boustani et al, 1989) . No direct information can be obtained from the present data. However, when comparing the principal ratios of parental fatty acids and the daughter's fatty acids, as previously shown (Siguel & Maclure, 1987) , it appears that in CE and mainly in PL, the AAaDHGLA ratio had a tendency to be lower in the elderly women (P`0.02 and P`0.005, respectively). This raises the question of a less ef®cient D5 desaturation in the elderly women.
In contrast with the lower 18:2 n-6 supply and the presumably impaired D5 desaturation, no signi®cant alteration in arachidonic acid status was observed in the elderly women, since the values of this FA were very similar in both groups, especially in PL and erythrocytes. These data are in agreement with two studies in hospitalised patients (Holman, 1979; Lecerf et al, 1993) , although lower percentages of 20:4 n-6 were observed in PL from elderly hospitalised patients in another study (Asciutti-Moura, 1988) . The data of our study suggest that in our cohort of elderly women living at home, the 20:4 n-6 dietary supply compensated both the lower 18:2 n-6 intake and possibly some weakness of the n-6 biosynthetic pathway. Indeed, the assessment of the dietary habits of these women showed that the protein intake was 50% higher than the recommended nutritional intake (18% vs 12% of total energy) and also 25% higher than the mean value reported for the general French population (13 ± 16% of total protein intake). This is not unusual in elderly populations, and higher consumption of animal and saturated fats and lower linoleic acid and PUFA supply have been previously reported in institutionalised patients (Asciutti-Moura 1988). Since meat intake accounts for about 70 mg of 20:4 n-6 per 100 g of meat, it is likely that this supply could have contributed to the equilibrium of the arachidonic acid status in our cohort of elderly women. Indeed, we may conclude that this supply should be preserved in order to prevent any alteration of the delicate equilibrium of this crucial fatty acid.
Concerning the n-3 pathway, the mean percentages of DHA in TL, TG, PL and erythrocytes were lower in the elderly women than in the young women, but the difference did not reach signi®cance. The same tendency was also detected in institutionalised patients: lower DHA percentages in PL were found in elderly patients than in a control group but, again, the difference was not signi®cant (Asciutti-Moura et al, 1988) . Striking differences, however, appeared in the DHA EPAa18:3 n-3 ratio, which has been proposed to identify blocks in the n-3 pathway activity (Siguel & Maclure, 1987) , and also in the DHAaEPA ratio, more speci®cally concerning the last steps of DHA biosynthesis. Both ratios were lower in the elderly group, the ®rst one nearly reaching signi®cance (P`0.01, data not shown) and the second at a highly signi®cant level (P`0.002) in PL, the fraction best re¯ecting hepatic metabolism. The same trend was also observed in TG and TL for the DHAaEPA ratio. DHAaEPA ratio results from several competing processes such as EPA to DHA conversion, DHA retroconversion acylation and deacylation processes, tissular redistribution of each acid. However, the lower DHAaEPA ratio which we observed in elderly women raises the question of a possible alteration of the EPA into DHA conversion in the group. Since this biochemical transformation involves both D6 desaturation of 24:5 n-3 into 24:6 n-3 and peroxisomal retroconversion of this intermediate to 22:6 n-3 (Voss et al, 1991) (Figure  1) , it remains to be determined which of these mechanisms could be implicated in the suspected de®ciency. The 18:3 n-6a18:2 n-6 ratio, which could be indicative of D6 desaturation, was not altered in the elderly women either in PL or in erythrocytes supporting the hypothesis that an impairment in the peroxisomal oxidative retroconversion could be implicated in the suspected de®ciency in elderly women. This hypothesis is in agreement with experimental data obtained recently in animals demonstrating that ageing is accompanied by morphological alterations as well as enzymatic dysfunctions in rats (Beier et al, 1993) and mice (Perichon et al, 1995) .
In conclusion, these data suggest that long-chain polyunsaturated fatty acid supplementation in elderly patients should be carried out with special care taken to avoid any risk of overloading the oxidative peroxisomal potency that is necessary to long-chain fatty acid degradation.
